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J1REN YUAN 



VERSATILE CHARGE SAMPLING CIRCUITS 



A charge sampling (CS) circuit samples a signal by integrating its current in a given time window, 
and the resulting charge represents the signal sample at the center time of the window. A band pass 
charge sampling (BPCS) circuit consists of two switches, a weighting-and-sampling (W&S) 
element, an integrator, and a control signal generator generating a clock, an inverse clock, a W&S 
signal and a resetting signal. Two ends of a differential signal are applied to the two switch inputs 
respectively. The two switches, controlled by the clock and the inverse clock respectively, are 
turned on alternately. Both switch outputs are fed to the W&S element input. The output of W&S 
element is fed to the integrator input It works in three successive phases: resetting, sampling and 
holding. During the resetting phase, the integrator is reset by the resetting signal. Each sampling 
phase includes n clock cycles, during which the signal current is weighted in the W&S element and 
integrated in the integrator. During the holding phase, the integrator output is held. Hie CS and the 
BPCS circuits can have their differential and parallel versions. The sampling capacitors used in the 
CS and the BPCS circuits are much larger than that used in a voltage sampling circuit, resulting in 
low noise and low charge and clock feed-through. The BPCS circuit is simultaneously a filter, a 
mixer and a sampler, capable of working at radio frequencies. Hie center frequency* the bandwidth 
and the adjacent selectivity can be set by the clock frequency, the number n and the shape of W&S 
signal, particularly useful for front-end sampling radio receiver and system-on-chip. 

BACKGROUND OF THE INVENTION 

Voltage sampling is traditionally used for analog-to-digital (A/D) conversion. In a voltage sampler, 
a sampling switch is placed between a signal source and a capacitor. Between two sampling 
moments, the capacitor voltage tracks the signal voltage accurately. At the sampling moment, the 
switch is turned off to hold the capacitor voltage. The two processes become increasingly difficult 
when the signal frequency increases. For a given accuracy, thermal noise and switching noise set a 
minimum allowable capacitance while the tracking speed set a maximum allowable capacitance or 
switch resistance. It becomes impossible when the maximum is smaller than the minimum. 
Moreover, the clock jitter and finite turning-off speed (nonzero sampling aperture) make the 
sampling timing inaccurate. In fact, the bandwidth of a voltage sampling circuit must be much 
larger than the signal bandwidth. This makes direct sampling of high frequency radio signal 
extremely difficult Sub-sampling can reduce the sampling rate but not the bandwidth of sampling 
circuit and not the demands on small clock jitter and small sampling aperture. 

This invention uses charge sampling instead of voltage sampling. It does not track the signal 
voltage but to integrate the signal current. The bandwidth of charge sampling circuits does not have 
to be much larger than the signal bandwidth. The capacitor used to collect the charge can have very 
large capacitance to limit noises. Another important background is that for a radio signal, no matter 
how high is the carrier frequency, the signal bandwidth (the base band) remains a small fraction of 
the full band between DC to the carrier frequency. It is therefore unnecessary to convert the full 
band but just the band with the signal. The invented BPCS circuit fulfils this function exactly. In 
short, it is simultaneously a filter, a mixer and a sampler, particularly useful for front-end sampling 
radio receiver and system-on-chip. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I A is a charge sampling (CS) circuit, and FIG. IB and FIG- 1C are its working waveforms 
and frequency response respectively; 

FIG. 2A is a band pass charge sampling (BPCS) circuit, and FIG. 2B is its working waveforms; 

FIG, 3 is a differential BPCS circuit; 

FIG. 4 is a parallel differential BPCS circuit; 

FIG. 5 is an illustration of the filter function; 

FIG. 6A and FIG. 6B are the ideal frequency response and output sample waveforms of a 
constant-weighting BPCS circuit with n=10 respectively; 

FIG. 7A and FIG, 7B arc the ideal frequency responses of a constant-weighting BPCS circuit 
with n=50 and n=500 respectively; 

FIG. 8A and FIG. 8B are the ideal frequency responses of a linear-weighting BPCS circuit with 
n=50 and n-500 respectively; 

FIG. 9A and FIG. 9B are the ideal frequency responses of a Gauss-weighting BPCS circuit with 

n-75, n=87> n=750 and n=870 respectively; 

FIG. 10 is a differential BPCS circuit implementation; 

FIG. 1 1 A and FIG. 1 IB are the implementation with n=10 in constant weighting at 1000 MHz 
and the resulting frequency response respectively; 

FIG. 12A and FIG. 12B are the implementation with n=59 in linear weighting at 1000 MHz and 
the resulting frequency response respectively; 

FIG. 13 A and FIG. 13B are the implementation with n=599 in linear weighting at 1000 MHz 
and the resulting frequency response respectively; 

FIG. 14A and FIG. 14B are single ended and differential active integrators respectively; 

FIG. 15 is a two-step BPCS circuit; and 

FIG. 16 is a front-end sampling radio receiver architecture. 



DETAILED DE SCRIPTION OF THE DRAWINGS 

1. In FIG. 1 A, a charge sampling (CS) circuit 1 is shown. It consists of a sampling switch 2, an 
integrator 3 and a control signal generator 4 generating a sampling signal and a resetting signal. 
The shown type of the integrator 3 consists of a capacitor 3-1, a resetting switch 3-2 and an 
optional resistor 3-3. The integrator 3 may be in other types. An analog signal is applied to the 
input of the sampling switch 2. The charge sampling process involves three successive phases: 
resetting, sampling (ti to t 2 ) and holding. The time from ti to t2 is defined as the sampling 
window. FIG. IB shows its working waveforms. During the resetting phase, only the resetting 
switch 3-2 is turned on and the capacitor 3-1 is reset. During the sampling phase, only the 
sampling switch 2 is turned on, and the signal current is integrated onto the capacitor 3-1. The 
time constant is large enough to be able to obtain a linear charging when the signal comes from 
a voltage source (the usual case). If the on-resistance of the switch 2 is too small, the optional 
resistor 3-3 can be added. During the holding phase, both switches are in off-state, and the 
output voltage of the integrator 3 is held for further use, A pair of CS circuits can be used 
together to produce differentia] outputs to cancel common mode effects, using a differential 
input signal and sharing the control signal generator 4. The CS circuits or circuit pairs can be 
used in parallel to increase the sampling rate and to make the time interval between two 
sampling points possibly less than the sampling window, by time-interleaving both sampling 
and resetting signals. The signal current can be represented as I(t)=SliSin(cost"H»i), t=i ♦ 2, . . m. 
The total integrated charge is Q=£Q if where (i=a/<Pi)(cos(a^tiHHk)-cos(ti)it2^|)i)). If t s is the 
center time of the sampling window, and 2At=(t 2 -ti) is the window width, 
Qi^2sin(cOiAt)/O)0I|Sin^ Compared with the instant 
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value of the ith component at t», Ii(O=Iisin(G*t s -H)>0, the difference is ki=2At(sin(o)iAt)/(a*At)), a 
sampling coefficient depending on frequency a* and At. With this coefficient, the ith frequency 
component has been precisely sampled at time t». Since all frequency components are sampled 
at Is, the total charge on the capacitor naturally represents the signal sample at t^, i.e. is the 
equivalent sampling time point. The frequency response of the CS circuit depends on the 
function sin((DiAt)/(a*At), shown in FIG. 1C. Its 3 dB bandwidth equals Af 3dB =1.4/(2TtAt), i.e. 1 
GHz for a sampling window of 450 ps, independent of resolution. For voltage sampling, 
however, the sampling aperture must be smaller than 1 ps for an 8-bit resolution at 1 GHz. 
Since the function sin(a)iAt)/(o)iAt) is well defined, frequency compensation becomes possible. 
One way is to let the analog signal pass through a network with a frequency response of 
(Q3iAt)/sin(cOiAt) before sampling. An alternative is to use digital signal processing (DSP) after 
A/D conversion to compensate the frequency response. 

2. In FIG, 2A, a band-pass charge sampling (BPCS) circuit 5 is shown. It consists of two switches 
2A and 2B, a weigh ting-and-sampling (W&S) element 6, an integrator 3 and a control signal 
generator 7 generating a clock, an inverse clock, a W&S signal and a resetting signal. Two ends 
of a differential analog signal are applied to the inputs of switches 2A and 2B respectively. The 
switches 2A and 2B, controlled by the clock and the inverse clock respectively, axe turned on 
alternately. Both outputs of switch 2A and 2B are fed to the input of W&S element 6. The 
current passing through the W&S element 6 is controlled by the W&S signal. The output of 
W&S element 6 is fed to the input of integrator 3. Three successive phases are involved for 
each BPCS process: resetting, sampling and holding. FIG. 2B shows the working waveforms. 
During the resetting phase, the integrator is reset. Each sampling phase includes n clock cycles 
forming a sampling window. The signal current through W&S element equals zero outside the 
sampling window and is weighted according to the weighting function (constant, linear, Gauss 
or other factions) within the sampling window. The weighting function depends on the 
combination of the W&S element 6 and the W&S signal. The three W&S signals shown in 
FIG. 2B, corresponding to the three weighting functions (constant, linear and Gauss) are 
specifically used for a W&S element in which the current is linearly controlled by the W&S 
signal. During the holding phase, the output voltage of integrator 3 is held for further use. 

3. In FIG. 3, a differential BPCS circuit 8 is shown. It consists of four switches 2A, 2B, 2C and 
2D, a differential W&S (D-W&S) element 9, a differential integrator 10, and a control signal 
generator 7, as connected. The shown type of D-W&S element 9 consists of two parallel W&S 
elements 6A and 6B, and the shown type of differential integrator consists of two parallel 
integrators 3 A and 3B. The D-W&S element 9 and the differential integrator 10 may be in other 
types. The differential BPCS circuit 8 works in the same way as the single ended BPCS circuit 
5 except to produce two outputs differentially. The differential BPCS circuit 8 effectively 
cancels the common mode effects and gives more accurate results. 

4. In FIG. 4, a parallel differential BPCS circuit 1 1 is shown. It consists of four switches 2A, 2B, 
2C and 2D, a number of D-W&S elements 9A, 9B, . 9X, a number of differential integrators 
10A, 10B, . .„ 10X, a multiplexer (MUX) 12 and a control signal generator 13, as connected. 

Each pair of the D-W&S element and the differential integrator. 9A+10A, 9B+10B 

9X+10X, together with the switches 2A, 2B, 2C and 2D work in the same way as the 
differential BPCS circuit 8. The W&S signals and the resetting signals to these pairs, generated 
by the control signal generator 13, are evenly time-interleavecL The MUX 12 multiplexes the 
outputs of the differentia] integrators 10A, 10B, . . 10X to the differential outputs when they 
are in the holding phase, controlled by the multiplexing signals from the control signal 
generator 13. As a whole, the parallel BPCS circuit gives a higher sampling rate and makes the 
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time interval between two successive sampling points possibly less than the sampling window. 
If switches 2C and 2D are removed, and the differential W&S elements and the differential 
integrators are replaced by single-ended versions, it becomes a parallel single-ended BPCS 
circuit 

5. In FIG. 5, the filter function of the BPCS circuits is illustrated. From top-down, the frequency 
increases from DC to 3f c , where f c is the clock frequency. Note that during the negative clock 
phase the same signal is connected oppositely, which is reflected in the diagram by changing 
the signal sign. The normalized amplitudes of resulting charges, i.e. the sums of the areas, 
integrated in n clock cycles axe listed in FIG. 5 respectively. It is obvious that for input signals 
with frequencies much higher or lower than f c , the charges cancel each other almost 
completely, resulting in nearly zero output. For input signals with certain frequencies like f</4, 
fc/2, 2f Ct . . . , the charges are completely cancelled no matter what are their phases. For input 
signals with frequencies near to f Cl the charges are only partly cancelled. When fj n =fc, the 
charges are fully added each other if it is in-phase with f c while fully cancelled when it is in n/2 
phase with f c (not shown in FIG. S). There is a bandwidth in which the signal charges can be 
effectively integrated. Outside the bandwidth, the signal charges are either completely or 
substantially cancelled. This is obviously a filter function. It means that the noise with 
frequencies outside the bandwidth will be cancelled as well. 

6. In FIG. 6A, the ideal frequency response of a BPCS circuit is shown, corresponding to a 
mathematically accurate integration of the signal current in the sampling window. In FIG. 6A, 
n=10 and constant- weighting are assumed, meaning that the weight of the current is kept 
constant in the 10-clok-cycle sampling window. FIG. 6A shows the frequency response from 
f n =0 to f j B =8f c , where the y-axis is the maximum output amplitude of different frequency 
components normalized by the maximum output amplitude in the whole frequency range while 
the x-axis is input frequencies normalized by f c . It can be seen that the same frequency response 
is repeated after fin>2f c but with lower amplitudes. The output frequency f oat equals |fur(2p-I)f c I 
for 2(p-l)fc<fin£2pfc, where p is an integer (£1). When fin=(2p-l)fc, the output is a DC voltage, 
and its amplitude depends on the phase relation of f in and f c . For a given p, the same output 
frequency is obtained for input frequencies f to i (<(2p-l)f c ) and f itl 2 (>(2p-l)f e ) when (2p-l)f c - 
fiai=fin2-(2p-l)fct but their phases are different. FIG. 6B shows the output sample waveforms at 
different input frequencies with ^-1000 MHz and both I (solid line) and Q (dots) phases. It 
shows that the BPCS circuit is a filter, a mixer and a sampler simultaneously. 

7. In FIG. 7 A and FIG. 7B, the ideal frequency responses of a constant-weighting BPCS circuit 
with n=50 and n=500 are shown respectively. FIG. 7A shows the frequency response with n=50 
in the range of Ocfin<2fc and in the fine range of 0.95f { xtf in <1.05f c . FIG. 7B shows the 

, _ : frequency response with n=500 in the range of 0<fi n <2f e and in the fine range of 

0.995f c <fm<1005f c . It can be seen that Af 3 dB=0.018f c with n=50 and Af 3 dB=O-O018f c with 
I n=500, i.e. the bandwidth is inversely proportional to n. The amplitudes of far-end frequency 

1 . : components are reduced with the increase of n, but the maximum adjacent peaks in both cases 

; * : remain almost unchanged/around -13 dB. 

8. In FIG. 8A and FIG. 8B, the ideal frequency responses of a linear-weighting BPCS circuit with 
; : J n=50 and n=500 are shown respectively. Linear-weighting means that during the sampling 

\: phase the weight of the current is first linearly increase and then linearly decrease, symmetric to 

the center of the sampling window. FIG, 8 A shows the frequency response with n=50 in the 
; ; ; " range of 0<fta<2f c and in the fine range of 0.9f c <f ifl < 1 . lf c . FIG. 8B shows the frequency 

, - - response with n=500 in the range of 0<fhi<2f c and in the fine range of 0.99f c <fi n <1.01f c . It can 
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be seen that Af 3d B=0.025fc with n=50 and Af3dB=0.0025f c with n=500. slightly increasing 
compared to the constant-weighting cases. The amplitudes of far-end frequency components 
are rapidly reduced with the increase of n. The maximum adjacent peaks are reduced to -26 dB 
and -27 dB respectively, compared to those of the constant-weighting cases- 

9. In FIG. 9A and FIG. 9B, the ideal frequency responses of a Gauss-weighting BPCS circuit are 
shown. Gauss-weighting means that during the sampling phase the weight of the current varies 
according to the Gauss function exp(-t 2 /2o 2 ) for a given a, symmetric to the center of the 
sampling window. The ratio At/a, where At is half of the sampling window and o the standard 
deviation, is a weighting parameter. FIG. 9A shows the frequency responses of n=75 with 
At/a=3.5 and n=87 with At/o=4 respectively in the range of 0<fin<2f c . The 3 dB bandwidths are 
both 0.025^. FIG. 9B shows the frequency responses of n=750 with At/cr=3.5 and n=870 with 
At/<T=4 respectively in the range of 0.9f c <fm<l.lf c . The 3 dB bandwidths are both 0.0O25f c . The 
amplitudes of far-end frequency components and the adjacent peaks are substantially reduced 
with the Gauss-weighting. The maximum adjacent peaks arc in the range of -61 dB to -78 dB. 

10. In FIG. 10, an implementation 14 of the core of the differential BPCS circuit 8> using n-MOS 
transistors, is shown. The clocked switches are n-MOS transistors 15A, 1SB, 15C and 15D. The 
WAS elements are n-MOS transistors 16A and 16B. The resetting switches are n-MOS 
transistors 18A and 18B. The capacitors are on-chip MOS capacitors 17A and 17B. The clocks 
are in sinuous waves but quasi-square waves can also be used. The implementation 14 works in 
all CMOS processes. Parameters of a 0.8 Jim CMOS process* however, is used in the HSPICE 
simulations. The following three implementations are based on the implementation 14 with 
particular component values and W&S signal parameters. 

1 1. In FIG. 11 A, an implementation 19 with n=10 in constant-weighting at fc=1000 MHz is shown. 
The clocked switches are n-MOS transistors 20A, 20B, 20C and 20D. The W&S elements are 
n-MOS transistors 21A and 21B. The resetting switches are n-MOS transistors 23A and 23B. 
They all have the minimum size, 2 [im/0.8 fim (width/length). The capacitors are MOS 
capacitors 22A and 22B, both 40 pF. The width of the constant-weighting W&S signal is 10 ns, 
corresponding to n=10. The maximum differential output sample voltage is around 100 mV. 
FIG. 1 IB shows both the theoretical frequency response in solid line and the HSPICE 
simulated frequency response in dots for f io =900-l 100 MHz. The simulated frequency response 
is closely in accordance with the theoretical frequency response. In both cases, the maximum 
adjacent peaks are -13 dB and Af3dB-18 MHz. 

12. In FIG. 12A, an implementation 24 with n=59 in linear-weighting at f c =1000 MHz is shown. 
The clocked switches are n-MOS transistors 25 A, 25B t 25C and 25D, all having an increased 
size of 10 nm/0.8 jxm. This makes the signal currents dominated by the W&S elements not the 
switches. The W&S elements arc n-MOS transistors 21 A and 21B, 2 nm/0.8 fim. The resetting 
switches arc n-MOS transistors 23A and 23B, 2 iim/0.8 fJtm. The capacitors are MOS capacitors 
22A and 22B, both 40 pF. The width of the linear-weighting W&S signal is 59 ns, 
corresponding to n-59. The maximum differential output sample voltage is around 100 mV. 
FIG. 12B shows the theoretical frequency response in solid line and the HSPICE simulated 
frequency response in dots for f in =900-ll00 MHz. The simulated frequency response is 
basically in accordance with the theoretical frequency response. Both have Af 3d B=21 MHz. For 
the implementation 24, however, the maximum adjacent peak is -30 dB, lower than that of the 
theoretical response. This is because the conductance of n-MOS transistors 21 A or 21B does 
not vary linearly with the linear W&S signal. The actual weighting function is somewhere 
between linear and Gauss. 
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13. In FIG. 13 A, an implementation 26 with n=599 in linear weighting at f^lOOO MHz is shown. 
The clocked switches are n-MOS transistors 25A, 2SB, 25C and 25D, 10 jim/0.8 fim. The 
W&S elements are n-MOS transistors 27A and 27B, 2 um/16 pin. Note that the lengths of 27A 
and 27B are increased to 16 Jim to limit the signal current and the capacitor voltage during such 
a long charging period (599 ns). The resetting switches are n-MOS transistors 23A and 23B, 2 
ujn/0.8 tim. The capacitors are MOS capacitors 28 A and 28B, both 20 pF. The width of the 
linear weighting W&S signal is 599 ns, corresponding to n=599. The maximum differential 
output sample voltage is around 100 mV. FIG. 13B shows the theoretical frequency response in 
solid line and the HSPICE simulated frequency response in dots for fm=990-1010 MHz. The 
simulated frequency response is basically in accordance with the theoretical frequency 
response. Both have Af3dB=2 MHz. For the same reason mentioned above, the maximum 
adjacent peak of the implementation 26 is -30 dB, lower than that of the theoretical response. 

14. In FIG. 14A and FIG. 14B, active integrators for improving output swing and linearity are 
shown respectively- A single ended active integrator 29 is shown in FIG. 14A. It consists of a 
differential-in-single-out amplifier 30, an inverter 35, a capacitor 31, and switches 32, 33 and 
34, as connected. An active integrator always keeps the signal input at virtual ground, 
eliminating the impact of capacitor voltage on the signal current. The bandwidth of amplifier 30 
needs only to cover the signal base-band not the carrier, which makes it feasible. The inverter 
35 produces an inverted resetting signal with a delay, using the resetting signal as the input, to 
control the switch 33 while the resetting signal controls the switches 32 and 34. During the 
resetting phase, the switches 32 and 34 are turned on, and the switch 33 is turned off. The 
voltage of capacitor 31 is reset to the input offset voltage of the amplifier 30. During the 
sampling phase, the switches 32 and 34 are turned off and the switch 33 is turned on. The 
capacitor 31 is charged by the signal current. In the same time, the offset voltage of the 
amplifier 30 is cancelled. A differential active integrator 36 is shown in FIG. 14B. It consists of 
a differential-in-differential-out amplifier 37, two capacitors 31 A and 31B, an inverter 35, and 
switches 32A, 32B, 33 A, 33B, 34 A and 34B. It works basically in the same way as the 
integrator 29 except uses a differentia] input signal and gives differential outputs. The 
integrator 29 can replace the integrator 3 while the integrator 36 can replace the integrator 10. 

15. In FIG. 15, a two-step BPCS circuit 38 is shown. It consists of a first BPCS circuit 39, a 
chopping circuit 40, an amplifier 41, a second BPCS circuit 42, and a clock signal generator 43 
generating a second clock. The first BPCS circuit 39 and the second BPCS circuit 42 can be 
any type of the BPCS circuits 5, 8, 1 1, 19, 24 and 26, To the first BPCS circuit 39, two ends of 
a differential analog signal are applied to its two inputs respectively, and a first clock is applied 
to its clock input. Signal samples with a first sample rate are produced from the first BPCS 
circuit 39 and fed to the chopping circuit 40. The samples are chopped symmetrically in time, 
controlled by the second clock. From the chopping circuit 40, the chopped signal with a new 
carrier frequency equal to the chopping frequency is fed to the amplifier 41, and the amplified 
differential signals are fed to two inputs of second BPCS circuit 42 respectively. Controlled by 
the second clock, the second BPCS circuit 42 produces the final sample output with a second 
sample rate. The two-step BPCS circuit 38 gives flexibility in performance trade-off. BPCS 
circuits in more steps can be built based on the two-step BPCS circuit 38. 

16. In FIG. 16, a front-end sampling radio receiver architecture 44 is shown. It consists of a low 
pass filter 45 with fj*rt<2f c , a differential-out low noise amplifier (LNA) 46, two BPCS circuits 
47A and 47B, a 90° phase shifter 48, and a local oscillator 49. The radio signal from antenna is 
applied to the input of the low pass filter 45. The frequency components above 2f c are greatly 
attenuated. The output of the low pass filter 45 is fed to the LNA 46 to produce differential 
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outputs with a large enough amplitude. The differential outputs are fed to the inputs of BPCS 
circuits 47 A and 47B simultaneously. In the same time, the I-clock signal produced by the local 
oscillator 49 is fed to the BPCS circuit 47 A while the Q-clock signal reproduced by the 90° 
phase shifter 48 from the I-clock signal is fed to the BPCS circuit 47B. The BPCS circuits 47A 
and 47B produce I-saxnples and Q-samples respectively. The sample outputs can be cither 
converted to digital data immediately or further treated. The BPCS circuits 47A and 47B can be 
any of the BPCS circuits 5, 8, 1 1, 19, 24 and 26. The integrators in these circuits can be either 
passive integrators or active integrators. The radio receiver architecture 44 has filtering, mixing 
and sampling functions simultaneously at the front-end, which relaxes the performance 
demands on A/D conversion, avoids analog filters, and highly utilizes the capability of DSP. In 
principle, any narrow bandwidth, i.e. any high Q value, is possible. The center frequency of the 
filtering function can be easily programmed It is indeed a superior radio receiver architecture 
with a wide application scope. 



1 . The frequencies of the signals possibly to be sampled by the CS circuits or the BPCS circuits 
are higher or much higher than that of the voltage sampling circuits at a given accuracy. 

2. The sampling capacitors used in the CS circuits or the BPCS circuits are larger or much larger 
than the ones used in the voltage sampling circuits, giving advantages of low noise and low 
clock-and-charge feed-through. 

3. Each BPCS circuit is simultaneously a filter, a mixer and a sampler, which greatly simplifies a 
radio receiver. 

4. The BPCS circuits arc capable of directly working at the radio frequency band, which makes a 
highly digitized radio receiver with front-end sampling and A/D conversion possible. 

5. Both the center frequency and the bandwidth of a BPCS circuit can be easily programmed. The 
bandwidth can be as narrow as required, equivalent to have an unlimited Q- value. 

6. The CS and BPCS circuits are simple and can be easily implemented in CMOS or other 
processes. 



ADVANTAGES 



7. 



This technique is very useful for the purpose of system-on-chip, which requires a simple and 
highly digitized architecture. 
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CLAIMS 

1 . A charge sampling (CS) circuit and two of its differential versions; and 
a CS circuit comprising: 

a switch with a signal input, a signal output and a control input, to which an analog signal is 
applied to the signal input, and a sampling signal is applied to the control input, and in 
which the signal input is connected with the signal output only when said sampling signal is 
in the sampling phase, and die signal input is the signal input of said CS circuit; and 

an integrator with a signal input, a signal output and a control input, to which the signal 
output of said switch is applied to the signal input, and a resetting signal is applied to the 
control input, and in which the current of said analog signal is integrated during said 
sampling phase, and the integrated charge produces a proportional voltage or current 
sample at the signal output at the end of said sampling phase, and said sample is held until 
the resetting phase of said resetting signal begins, and the time interval in between is the 
holding phase, and a series said samples are produced when said phases are repeated, and 
the signal output is the signal output of said CS circuit; and 

a control signal generator with a clock input, a sampling signal output and a resetting signal 
output, to which a clock signal is applied to the clock input, and from which said resetting 
signal is generated at the resetting signal output, and said sampling signal is generated at the 
sampling signal output, and said resetting phase is followed by said sampling phase and 
then followed by said holding phase, and said phases are repeated, and in which the clock 
input is the clock input of said CS circuit; and 

if said sampling phase is from time t t to time t 2 , said sample represents the instant value of 
said analog signal at time u=(ti+t2)/2 and differs from said instant value with a coefficient 
consisting of a constant part and a frequency dependent part (sin(2ftfiAt))/(2ftfi At), where ft 
is the frequency of the ith component of said analog signal and At =(t2-ti)/2, half of the 
width of said sampling phase; and 
a first differential version of said CS circuit comprising: 

a first CS circuit and a second CS circuit, to which two ends of a differential analog signal are 
applied to the signal input of said first CS circuit and the signal input of said second CS 
circuit respectively, and a clock signal is applied to the clock input of said first CS circuit, 
and in which the control signal generator of said first CS circuit is shared by said second CS 
circuit, and the control signal generator of said second CS circuit is omitted, and the signal 
input of said first CS circuit, the signal input of said second CS circuit, the clock input of 
said first CS circuit, the signal output of said first CS circuit and the signal output of said 
second CS circuit become the first signal input f the second signal input, the clock input, the 
first signal output and the second signal output of said first differential version of CS 
circuit; and 

a second differential version of said CS circuit comprising: 
a said first differential version of CS circuit with the inputs and outputs remaining the same 
names as the inputs and outputs of said second differential version of CS circuit 
respectively, in which the integrators in the first CS circuit and the second CS circuit of said 
first differential version of CS circuit are merged into a single differential integrator 
integrating the differential current of said analog signal and producing differential samples 
at the first signal output and the second signal output of said second differential version of 
CS circuit. 



2. A band-pass charge sampling (BPCS) circuit and two of its differential versions; and 
a BPCS circuit comprising: 
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a first switch with a signal input, a signal output and a control input, to which the first end of 
a differential analog signal is applied to the signal input, and a clock is applied to the 
control input, and in which the signal input is connected with the signal output only when 
said clock is in on-state, and the signal input is the first signal input of said BPCS circuit; 
and 

a second switch with a signal input, a signal output and a control input, to which the second 
end of said differential analog signal is applied to the signal input, and an inverse clock, the 
inversion of said clock to said first switch, is applied to the control input, and in which the 
signal input is connected with the signal output only when said second clock is in on-state, 
and the signal input is the second signal input of said BPCS circuit; and 

a weighting-and-sampling (W&S) element with a signal input, a signal output and a control 
input, to which both the signal output of the first switch and the signal output of said second 
switch are applied to said signal input, and a W&S signal is applied to the control input, and 
in which the current of said analog signal passes through said W&S element only when said 
W&S signal is in the W&S phase containing n cycles of said clocks, and the current of said 
analog signal is controlled by said W&S signal in constant, linear, Gauss or other weighting 
functions; and 

an integrator with a signal input, a signal output and a control input, to which the output of 
said W&S element is applied to the signal input, and a resetting signal is applied to the 
control input, and in which the current of said analog signal is integrated during said W&S 
phase, and the integrated charge produces a proportional voltage or current sample at the 
signal output at the end of said W&S phase, and said sample is held until the resetting phase 
of said resetting signal begins, and the time interval in between is the holding phase, and a 
series of samples are produced when said phases are repeated, and the signal output is the 
signal output of said BPCS circuit; and 

a control signal generator with a clock input, a clock output, an inverse clock output, a W&S 
signal output and a resetting signal output, to which a clock signal is applied to the clock 
input, and from which said clock and said inverse clock are generated at the clock output 
and the inverse clock output respectively, and said resetting signal is generated at the 
resetting signal output, and said W&S signal is generated at the W&S signal output, and 
said resetting phase is followed by said W&S phase and then followed by said holding 
phase, and said phases are repeated, and the clock input is the clock input of said BPCS 
circuit ; and 

said samples represent the base-band content of said analog signal, and the output frequency 
is fout= |fi B -{2p-l)fcl for 2(p-l)f c <fin^2pf c , where f^ is one of the frequency components of 
said analog signal, f c the frequency of said clock and p an integer of >1 respectively, and the 
phase of said output frequency depends on the phase of said fm and the phase of said f c , and 
p=l defines the major frequency response range, and the same shape of frequency response 
is repeated for p>l but the amplitudes are reduced, and for a given p, the same output 
frequency is obtained for frequencies f (<(2p-l)f c ) and f ln2 (>(2p-l)fi) when (2p-l)f c - 
f fal =f ia2 -(2p-l)f c but with different phases, and the bandwidth and the shape of said 
frequency response depend on said n (the lager n, the narrower bandwidth) and said 
weighting function (constant, linear, Gauss or other functions), and said BPCS circuit is 
simultaneously a filter, a mixer and a sampler, and 
a first differential version of said BPCS circuit comprising: 

a first BPCS circuit and a second BPCS circuit, to which two ends of a differential analog 
signal are applied to the first signal input and the second signal input of said first BPCS 
circuit respectively, and in which the first signal input and the second signal input of said 
second BPCS circuit are connected with the second input and the first input of said first 
BPCS circuit respectively, and the control signal generator of said first BPCS circuit is 
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shared by said second BPCS circuit, and the control signal generator of said second BPCS 
circuit is omitted, and the first signal input, the second signal input, the clock input, and the 
signal output of said first BPCS circuit and the signal output of said second BPCS circuit 
become the first signal input, the second signal input, the clock input, the first signal output 
and the second signal output of said first differential version of BPCS circuit; and 
a second differential version of said BPCS circuit comprising: 
a said first differential version of BPCS circuit with the inputs and the outputs remaining the 
same names as the inputs and outputs of said second differential version of BPCS circuit, in 
which the integrators in said first BPCS circuit and said second BPCS circuit are merged 
into a single differential integrator integrating the differential current of said analog signal 
and producing differential samples at the first signal output and the second signal output of 
said second differential version of BPCS circuit. 

3. A parallel CS circuit comprising: 

a number of CS circuits according to claim 1, in which all first signal inputs are connected 
together as the first signal input of said parallel CS circuit, and all control signal generators 
in said CS circuits arc omitted, and to which an analog signal is applied to the first signal 
input of said parallel CS circuit, and with which the parallel CS circuit is in a single ended 
version; or 

a number of first or second differential version of CS circuits according to claim 1, in which 
all first inputs are connected together as the first signal input of said parallel CS circuit, and 
all second inputs are connected together as the second signal input of said parallel CS 
circuit, and all control signal generators of said CS circuits are omitted, and to which two 
ends of a differential analog signal are applied to the first signal input and the second signal 
input of said parallel CS circuit respectively, and with which the parallel CS circuit is in a 
differential version; and 

a control signal generator with a clock input, said number of sampling signal outputs, said 
number of resetting signal outputs and said number of multiplexing signal outputs, to which 
a clock signal is applied to the clock input, and the clock input is the clock input of said 
parallel CS circuit, and from which said number of sampling signals are generated at the 
sampling signal outputs and fed to the control inputs of the switches of said CS circuits 
respectively, and said number of resetting signals are generated at said resetting signal 
outputs and fed to the control inputs of the integrators of the CS circuits respectively, and 
said number of multiplexing signals are generated at the multiplexing signal outputs, and 
said resetting signals, said sampling signals and said multiplexing signals are evenly time- 
interleaved; and 

a multiplexer with said number signal inputs or input pairs (in the differential case, the same 
below), said number of control inputs, and a signal output or output pair, to which the signal 
outputs or output pairs of said CS circuits are applied to the signal inputs or input pairs 
respectively, and said multiplexing signals are applied to the control inputs respectively, 
and through which the outputs or output pairs of said CS circuits are multiplexed to the 
output or output pair of said parallel CS circuit when the outputs or output pairs of said CS 
circuits are in holding phases; and 

said parallel CS circuit increases the sampling rate and makes the time interval between two 
successive sampling points possibly less than the sampling window according to claim 1. 

4. A parallel BPCS circuit according to claim 2 comprising: 

a number of BPCS circuits according to claim 2, in which all first signal inputs are connected 
together as the first signal input of said parallel BPCS circuit, all second signal inputs ore 
connected together as the second signal input of said parallel BPCS circuit, and all the first 
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switches can be merged, and all the second switches can be merged, and all control signal 
generators in said BPCS circuits are omitted, and to which two ends of a differential analog 
signal is applied to the first signal input and the second signal input of said parallel BPCS 
circuit, and with which the parallel BPCS circuit is in a single ended version; or 
a number of first or second differential version of BPCS circuits according to claim 2, in 
which all first signal inputs are connected together as the first signal input of said parallel 
BPCS circuit, and all second signal inputs are connected together as the second signal input 
of said parallel BPCS circuit, and all the first switches in said first BPCS circuits can be 
merged, and all the second switches in said first BPCS circuits can be merged, and all the 
first switches in said second BPCS circuits can be merged, and all the second switches in 
said second BPCS circuits can be merged, and all control signal generators of said BPCS 
circuits are omitted, and to which two ends of a differential analog signal are applied to the 
first signal input and the second signal input of said parallel BPCS circuit, and with which 
the parallel BPCS circuit is in a differential version; and 
a control signal generator with a clock input, a clock output, an inverse clock output, said 
number of W&S signal outputs, said number of resetting signal outputs and said number of 
multiplexing signal outputs, to which a clock signal is applied to die clock input, and the 
clock input is the clock input of said parallel BPCS circuit, and from which a clock is 
generated at the clock output and fed to the control inputs of all first switches of said BPCS 
circuits, and an inverse clock is generated at the inverse clock output and fed to the control 
inputs of all second switches of said BPCS circuits, and said number of W&S signals are 
generated at the W&S signal outputs and fed to the control inputs of all W&S elements of 
said BPCS circuits, and said number of resetting signals are generated at the resetting signal 
outputs and fed to the control inputs of all integrators of said BPCS circuits, and said 
number of multiplexing signals are generated at the multiplexing signal outputs, and said 
1 resetting signals, said sampling signals and said multiplexing signals are evenly time- 

interleaved; and 

a multiplexer with said number of signal inputs or input pairs, said number of control inputs, 
and a signal output or output pair, to which the signal outputs or output pairs of said BPCS 
circuits are applied to the signal inputs or input pairs respectively, and said multiplexing 
signals are applied to the control inputs respectively, and through which the outputs or 
output pairs of said BPCS circuits are multiplexed to the signal output or output pair when 
the signal outputs or output pairs of said BPCS circuits are in holding phases, and the signal 
output or output pair is the signal output or output pair of said parallel BPCS circuit; and 

said parallel BPCS circuit increases the sampling rate and makes the time interval between 
two successive sampling points possibly smaller than the width of said W&S signal 
according to claim 2. 

5. A frequency compensated CS circuit according to claims 1 and 3 comprising: 
' : " : a CS circuit, or a first differential version of CS circuit, or a second differential version of CS 

: circuit, according to claim 1; or 

a signal ended version or a differential version of parallel CS circuit according to claim 3; and 
an analog frequency compensating circuit with a signal input or input pair, and a signal output 
or output pair, with a frequency response proportional to (2izf,At)/(sin(27tfiAt)) according to 
claim 1 , to which an analog signal is applied to the signal input or input pair, and from 
which the signal output is applied to the signal input of said CS circuit or die single ended 
version of said parallel CS circuit, or the signal output pair is applied to the first signal input 
and the second signal input of said first or second differential version of CS circuit or the 
differential version of said parallel CS circuit; or 



•99 09/28 19:46 94(^129948 *ME LTH LUND A B ^ 

Met Patent- och reg.verket w 46 4512994a 
1999 -09- 2 8 -13. 



Huvudfaxen Kassan 

a digital frequency compensating circuit with a frequency response proportional to 
(2rtfiAt)/(sin(2ftfiAt)) according to claim 1 is connected after an A/D converter converting 
the signal output or output pair of said CS circuits or parallel CS circuits to a digital signal. 

6. A two-step BPCS circuit according to claims 2 and 4 comprising: 

a first BPCS circuit in any type according to claims 2 and 4, to which two ends of a 
differential analog signal is applied to the first signal input and the second signal input 
respectively, and a clock signal is applied to the clock input as the first clock, and said first 
signal input, the second signal input and the clock input are the first signal input, the second 
signal input and the clock input of said two-step BPCS circuit, and from which signal 
samples are produced at the signal output or output pair with a first sample rate; and 

a chopping circuit with a signal input or input pair, a signal output or output pair, and a clock 
input, to which the signal output or output pair of said first BPCS circuit is applied to the 
signal input or input pair, and a second clock with a frequency equal to said first sample 
rate is applied to the clock input, and in which the signal is chopped symmetrically in time 
at the signal output or output pair with the frequency of said second clock; and 

a differential-out amplifier with a signal input or input pair and a signal output pair, to which 
the signal output or output pair of said chopping circuit is applied to the signal input or 
input pair, and in which the signal is amplified differentially at the signal output pair; and 

a second BPCS circuit in any type according to claims 2 and 4, to which the signal output pair 
of said amplifier is applied to die first signal input and the second signal input respectively, 
and said second clock is applied to the clock input, and from which signal samples are 
produced at the signal output or output pair with a second sample rate; and 

a clock signal generator with a clock input and a clock output, to which said first clock signal 
is applied to said clock input, and from which a second is generated at the clock output and 
simultaneously fed to the clock input of said chopping circuit and the clock input of said 
second BPCS circuit; and 

arrangements with more steps can be constructed based on said two-step BPCS circuit. 

7. Arrangements of building blocks in any type of said CS and BPCS circuits according to claims 
1,2,3,4, Sand 6; and 

an n-MOS arrangement of said switch comprising: 
an n-MOS transistor with the drain as the signal input, with the gate as the control input and 
with the source as the signal output, and 
a CMOS arrangement of said switch comprising: 
an n-MOS transistor and a p-MOS transistor with their drains connected each other as the 
signal input, with their sources connected each other as the signal output, and with the gate 
of said n-MOS transistor as the control input; and 
an inverter with the input connected to the gate of said n-MOS transistor and with the output 
• : connected to the gate of said p-MOS transistor; and 

an arrangement of said W&S element comprising: 
an n-MOS transistor with the drain as the signal input, with the gate as the control input, and 
- : with the source as the signal outpu; and 

an passive arrangement of said integrator comprising: 
- " a capacitor with the first end as the signal input, and with the second end grounded; and 

| " : an optional resistor inserted between said signal input and the first end of said capacitor when 

." : necessary; and 

•* an n-MOS transistor with the drain and the source connected to the first end and second end 

. . " of said capacitor respectively, and with the gate as the control input; and 

: an passive arrangement of said differential integrator comprising: 
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a first passive arrangement of said integrator with the signal input and the signal output as the 

first signal input and the first signal output of said differential integrator respectively; and 
a second passive arrangement of said integrator with the signal input and the signal output as 

the second signal input and the second signal output of said differential integrator 

respectively; and 
an active arrangement of said integrator comprising: 
a differential-in-single-out amplifier with the positive input grounded, with the negative input 

as the signal input of said integrator, and with the output as the signal output of said 

integrator; and 

a capacitor with the first end connected to the negative input of said differential-in-single-out 
amplifier; and 

an inverter with the input as the control input of said integrator; and 

a first n-MOS arrangement or CMOS arrangement of said switch with the signal input 
connected to the negative input of said differential-in-single-out amplifier, with the control 
input connected to the control input of said integrator, and with the signal output connected 
to the output of said differential-in-single-out amplifier; and 

a second n-MOS arrangement or CMOS arrangement of said switch with the signal input 
connected to the second end of said capacitor, with the control input connected to the 
control input of said integrator, and with the signal output grounded; and 

a third n-MOS arrangement or CMOS arrangement of said switch with the signal input 
connected to the second end of said capacitor, with the control input connected to the output 
of said inverter and with the signal output connected to the output of said differential-in- 
single-out amplifier; and 

an optional resistor inserted between the signal input of said integrator and the negative input 
of said differential-in-single-out amplifier when necessary; and 
an active arrangement of said differential integrator comprising: 

a differential-in-differential-out amplifier with the negative input, the positive input, the 
positive output and the negative output as the first signal input, the second signal input, the 
first signal output and the second signal output of said differential integrator; and 

a first capacitor with the first end connected to the negative input of said differential-in- 
differential-out amplifier; and 

a second capacitor with the first end connected to the positive input of said differential-in- 
differential-out amplifier; and 

an inverter with the input as the control input of said differential integrator; and 

a first n-MOS arrangement or CMOS arrangement of said switch with the signal input 
connected to the negative input of said differential-in^differential-out amplifier, with the 
control input connected to the control input of said differential integrator and with the 
signal output connected to the positive output of said differential-in-differential-out 
amplifier; and 

a second n-MOS arrangement or CMOS arrangement of said switch with the signal input 
connected to the second end of said first capacitor, with the control input connected to the 
control input of said differentia] integrator and with the signal output grounded; and 
- : a third n-MOS arrangement or CMOS arrangement of said switch with the signal input 

' . connected to the second end of said first capacitor, with the control input connected to the 

: output of said inverter and with the signal output connected to the positive output of said 

: : differential-in-differential-out amplifier, and 

. - : a fourth n-MOS arrangement or CMOS arrangement of said switch with the signal input 

. : connected to the positive input of said differential-in-differential-out amplifier, with the 

. . 1 control input connected to die control input of said differential integrator and with the 
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signal output connected to the negative output of said diffewntial-in-differential-out 
amplifier; and 

a fifth n-MOS arrangement or CMOS arrangement of said switch with the signal input 
connected to the second end of said second capacitor, with the control input connected to 
the control input of said differential integrator and with the signal output grounded; and 

a sixth n-MOS arrangement or CMOS arrangement of said switch with die signal input 
connected to the second end of said second capacitor, with the control input connected to 
the output of said inverter and with the signal output connected to the negative output of 
said differential-in-differential-out amplifier, and 

a first optional resistor inserted between the first signal input of said differential integrator 
and the negative input of said differential-in-differential-out amplifier when necessary; and 

a second optional resistor inserted between the second signal input of said differentia] 
integrator and the positive input of said differential-in-differential-out amplifier when 
necessary. 

8. A front-end sampling radio receiver architecture using said BPCS circuits according to claims 
2, 4, 6 and 7, comprising: 
a low pass filter with a signal input or input pair and a signal output or output pair and with a 

bandwidth up to twice the clock frequency, to which a radio signal is applied to the signal 

input or input pair; and 
a low noise amplifier with a signal input or input pair and a signal output pair, to which the 

output or output pair of said low pass filter is applied to the signal input or input pair, and 

from which a differentially amplified radio signal is produced at the signal output pair; and 
a local oscillator with a signal output, from which an I-clock signal is produced at the signal 

output; and 

a n/2 phase shifter with a signal input and a signal output, to which said I-clock signal is 
applied to the signal input, and from which a Q-clock signal is produced at die signal output 
with the same amplitude and n/2 phase shift with respect to said I-clock signal; and 

a first BPCS circuit and a second BPCS circuit in any type according to claims 2, 4, 6 and 7, 
to which two ends of the signal output pair of said low noise amplifier are respectively 
applied to the first signal inputs and the second signal inputs of both said first BPCS circuit 
and said second BPCS circuit respectively, and said I-clock signal is applied to the clock 
input of said first BPCS circuit, and said Q-clock signal is applied to the clock input of said 
second BPCS circuit, and from which the base-band I-samples of said radio signal are 
produced at the signal output or output pair of said first BPCS circuit, and the base-band Q- 
samples of said radio signal are produced at the signal output or output pair of said second 
BPCS circuit; and 

said local oscillator, said phase shifter and the clock generators of said first and second BPCS 
circuits can be combined to produce differential I-clock signals and Q-clock signals more 
~ ' efficiently and accurately; and 

; said base-band I-sample and Q-samples can be further converted either by two separate 

* analog-to-digital converters or by a single analog-to-digital converter with multiplexing to 

digital signals; and 

. . said digital signals can be further processed by a digital signal processing (DSP) unit; and 

said front-end sampling radio receiver architecture is a superior radio receiver architecture, in 
: * : which analog part is greatly simplified and the capability of DSP is highly utilized. 



'99 09/28 19:50 <S 

Ink. t Patent- och reg.wita* 
1999 -09- 2 8 

Huvudfaxen Kosson 



129948 ATdE LTH LUND 

AS 46129946 

-16- 



@016 



FIG.1A 



INPUT- 



swrrcH 



CLOCK_ 
SIGNAL 



1/ 



INTEGRATOR 



SAMPLING 
SIGNAL 



3-3 



3-1 



RESETTING 
SIGNAL 



CONTROL SIGNAL GENERATOR / 



y 



\ OUTPUT 



CLOCK 
SIGNAL 



FIG. IB 



A 

RESETTING 
SIGNAL 



SAMPLING 
SIGNAL 



4-At-frj*-At-» 



RESETTING 
PHASE 



*2 



SAMPLING; 
PHASE ! 



HOLDING 
PHASE 



-> t 



sin(2nfAt) 



FIG.1C 




2RfAt 



KffaUtfftnWtf «* 61299 " «■ LUND 

46 46129948 

1999 -09- 2 8 

-17- 

Huvudfcncen Kossan 



H|017 



INPUT 



j SWITCH 

■*l 



2A 



2B 



r- • 



INPUT 



SWITCH 



CLOCK 



CLOCK 
SIGNAL i 



CLOCK 




RESETTING 
SIGNAL 



[ 



CONTROL SIGNAL GENERATOR 



OUTPUT 



FTG.2A 



INPUT 



CLOCK 
CLOCK 

W&S SIGNAL 
(CONSTANT) 




RESETTING 
PHASE 



SAMPLING 
PHASE 



W&S SIGNAL 
(LINEAR) 

W&S SIGNAL 
(GAUSS) 



HOLDING 
PHASE 




FIG.2B 



'99 09/28 19:51 ' 

Ink. t. Patent- ochreg.veitet 
1999 ~09- 2 8 

Huvudfaxen Kassan 



129948 iTdE LTH LUND 

46 46129948 

-18- 



31018 



a:. , 



INPUT ! 



INPUT 



CLOCK; 
SIGNAL- 



2A 



^| SWITCH 
— 7K 



2B 



SWITCH 
7K 



2C \t 



SWITCH 



2D >lT 



> SWITCH 



CLOCK 



j!*—. 

D-W&S 



w&s 

ELEMENT 
6A * 



6B At 



W&S 
ELEMENT 



SAMPLING 
CLOCK SIGNAL 



jUL-. 

DIFFERENTIAL 
INTEGRATOR 



INTEGRATOR 
* 



3A 



3B ^ 



* INTEGRATOR 



i ;.. 



RESETTING 
SIGNAL 



CONTROL SIGNAL GENERATOR 



-7~ 



! OUTPUT 



! OUTPUT 



FIG. 3 



'99 09/28 19:52 

Ink. t Patent- och reg.verket 
1999 -09- 2 8 

Huvudfaxen Kassan 



129948 HUE LTH LUND 

46 46129948 

-19- 



BI019 



INPUT! 



INPUT 



CLOCK 
SIGNAL! 



2A 



■34 SWITCH 



2B 



SWITCH 
7R 



2C\1/ 



SWITCH 



2D\I7 



> SWITCH 



CLOCK 



CLOCK 



9A 



D- 
W&S 



9B 



D- 
W&S 

2T 



9X 



> D- 
^ W&S 



10A 



^DIFFERENTIAL — 5> 



INTEGRATOR 



10B 



^{DIFFERENTIAL 
INTEGRATOR 

zzj — 



10X 



^differential) — ^ 
^ integrator 
T 



W&S 
SIGNALS 



12 



MUX 



RESETTING 
SIGNALS ' 

MULTI- 
PLEXING 
SIGNALS 



Y 



OUTPUT 



CONTROL SIGNAL GENERATOR 



13 



11 



OUTPUT 



FIG. 4 



'99 00/28 19:52 

tok. 1 Patent- ach reg.vertet 
1999 -09- 2 8 

Huvudfaxen Kossan 



04^^129948 ArdE LTH LUND 

46 46129948 

-20- 




FIG.5 



'99 09/28 19:53 

Met Patent- och reg.verket 
1999 -09- 2 8 

Huvudfoxen Kossan 



NORMALIZED 
AMPLITUDE 

1 



0.8 - 



129948 4MB LTH LUND 

46 46129948 

-21- 



FIG.6A 



a o2i 




1 2 3 4 5 6 

NORMALIZED FREQUENCY (fjf e ) 



(MHz) 
1000 



an 

Q5 



999.9 



font 

(MHz) 
DC 



0.1 



1000.1 0 .. 



999 




. o.i 



1.0 



998.0 



1002.0 a 



2.0 



2.0 



2 3 4 5 6 7 

Note: 1. fc=1000 MHz. 

2. 1 in solid line and Q in dash line 



8 9 10 (Ms) 



FIG. 6B 



13B9 -oy- 2 8 

Huvudfaxen Kassan 



kl29S48 *rdE LTH LUND 

46 46129948 

-22- 



31022 



A/Amu (linear scale) 
1 



A/ (linear scale) 



0.8 



0.6 



0.4 



0.2 



n=50 



1 



0.8 



0.6 



0.4 



0.2 






n=50 




, Afjdt/fc 






i =0.018 


-13 dB / 













1 



1.05 



A/ Amu (linear scale) 




A/ Amu (linear scale) 
1 



OS ■ 



0.6 



0.4 



0.2 





n=5O0 




AfWfc 






| =0.0018 


-13 dB / 













2 0.995 
FIG.7B 



1 

fh/fc 



1.005 



'99 09/28 19:54 f}4{ 

Ink. t. Patent- och reg. veriest 
1999 -09- 2 8 

Huvudfaxen Kassan 



(129948 ICdF. LTH LUND 

46 46129948 

-23- 



B0 23 



A/ Aaux (dB) 
0 




■100 



A/AmuCdB) 
0 




FIG. 8 A 




99 09/28 19:35 94| 

Ink. t. Patent- och reg.vertet 
1999 -09- 2 8 
Huvudfaxen Kossan 



(129948 4ME LTH LUND 

46 46129948 

-24- 



B024 



A/ A™, (dB) 

D 



-100 



A/ A max (dB) 
0 




A/ Amu (dB) 
0 



-20 



-40 



-60 



-80 



0.95 



1.05 



A/ A^ (dB) 



Af 3 db/fc~ > 


*~~ n=750 


Up 


=0.0025 


At/o=3.5 








-20 ■ 






-40 - 






-60 - 


-70 dB 










-80 : 



-100 



=0.0025 



n=870 
At/o^4 



1.1 0.9 0.95 1 1.05 

fh/fc 

FIG.9B 



1.1 



'99 09/28 19:55 94( 

Inlet Patent- ochreg.vertet 
1999 -09- 2 8 

Huvudfaxan (Gossan 



|129948 tfdE LTH LUND 

46 46125948 

-25- 



81025 



W&S SIGNAL 



--3.3V 



CLOCK 
(0 - 3.3V) 



CLOCK 
(0-3.3V) 




INPUT 
C±0.5V) 



INPUT 
(±0.5V) 



15A 



15C 



16A 



16B 




(LINEAR) 



Y 



I* 

17B== 1! 



18B]|- 



14 

OUTPUT 



■OUTPUT 
-3.3 V 



OV 



RESETTING 
SIGNAL 



FIG. 10 



•99 09/28 19:56 94^)l2994S MdE LTH LUND ^ ® 026 

46 46129948 



Ink. t. Patent- ochreg.vertfflt 
1999 -09- 2 8 - 26 ' 

Huvudfaxen Kassan 



INPUT 



(f fa =900-1100 
MHz, ±0.5V) 



INPUT 



(fc=1000MHz, 0 - 3.3V) w&s 
CLOCK CLOCK SIGNAL 



20A. 



=20B 



2m/0.8|x 
20C 



2ti/0.8|i 



21A 



2|i/0.8^ -UtOD 
I L_ 



21B 



10ns- 



■ 3.3V 



OV 



2tf/0.8u 



40p! 



2n/0.8p, 2M/0-8fi 
FIG.11A 



2m/0.8m 



J22A 123A 

fli ]h 

U 40p SI J I — j 2p/0.8n 

rn r B r 



■ OUTPUT 



OUTPUT 



RESETTING 
SIGNAL 



A/A^dB) 




0.9 



0.95 1 1.05 

(GHz) 



1.1 



Note: 1. Ideal curve in solid line. 

2. HSPICB simulation in dots. 



FIG. 11B 



99 09/2S 10:56 84^^1 

Ink. t Patent- och rejvertet 
1999 -09- 2 8 

Huvudfcocen Kossan 



29948 irdB LTH LUND 

46 46129948 

-27- 



1 31027 



INPUT 



(f ln =900-1100 
MHz, ±0.5V) 



(fc=1000MHz. 0 - 3.3V) w&s 
CLOCK CLOCK SIGNAL 



33V 




10)1/0.8 2u/0.8u. 

FIG. 12A 



RESETTING 
SIGNAL 



OUTPUT 




A/A,™, (dB) 
0 



-10 




0.9 



0.95 1 1.05 
(GHz) 

Note: 1. Ideal curve in solid line. 

2. HSPICE simulation in dots. 



FIG. 12B 



'99 09/28 19:57 ©4(^^129948 MdE LTH LUND 

46 46129948 



1999 -09- * 8 -28- 

Hovudfoxen Kosson 



INPUT 



(f fa =990-1010 
MHz. ±0.5V) 



(fc-lOOOMHz, 0 - 3.3V) w&s 
CLOCK CLOCK SIGNAL 



3.3V 




RESETTING 
SIGNAL 




FIG. 13B 



•99 09/28 19:58 ©4(^^29948 WdE LTH LUND A ® 029 

Wtt Patent- och reg-vertet w 46 46 12994a w 
1999 -09- 2 8 _ 29 _ 

Huvudfaxen Kassan 





>OUTPUT 



> OUTPUT 



RESETTING 
SIGNAL 



FIG. 14B 



•99 08/28 19:58 «4<^^129948 4tHE LTH LUND ® 0: 

Wt t Patent- och reg.venaa 46 46129948 

1999 -09- 2 8 -30- 

Huvudfaxen Kassan 



INPUT 



INPUT 



CLOCK | 
SIGNAL; 



39 

BPCS 
CIRCUIT 



40 

CHOPPING 
CIRCUIT 

7R 



FIRST 
CLOCK 



3> 



AMP 




42 

BPCS 
CIRCUIT 



38 

Y 

OUTPUT 

f-:> 

OUTPUT 



SECOND CLOCK 



$| CLOK SIGNAL GENERATOR 
43 



FIG. IS 



'99 08/24 19:59 9^^6129948 tfdE LTH LUND @031 

Ink. t Patent- och reg.vertet 46 46129948 



1999 -09- 2 8 -31- 

Huvudfaxen Kossan 



44 





45 







W<2f c 





46 



LOW NOISE 
AMPLIFIER 



47A 

BPCS 
CIRCUIT 



I-CLOCK 
SIGNAL 

48 



49 



90° 



LOCAL 
OSCIL- 
LATOR 



Q-CLOCK 
SIGNAL 



-> BPCS 



47B 



I OUTPUT 



f"> 



I-OUTPUT 



Q-OUTPUT 



_^ ciRcurr 



Q-OUTPUT 



FIG. 16 




♦ 

J 



